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REMARKS 

Claim Amendments : 

Claims 12-16, 19-20 and 23-24 remain pending in the application. Claims 14, 23 and 24 
have been amended and claim 1 8 has been cancelled herein, without prejudice. 

Support for the amendments to the claims may be found in the specification and claims 
as originally filed. In particular, support for the amendments to claim 24 may be foimd, at least, 
at page 3, lines 19-20 of the specification. 

Any amendments to and/or cancellation of the claims has been done solely for the 
purpose of expediting prosecution of the present application. Applicants reserve the right to 
pursue the subject matter of the claims as originally filed in this or a separate application(s). No 
new matter has been added to the application. 

Examiner Interview and Advisory Action : 

Applicants thank the Examiner for the courtesy of the January 4, 2007 telephonic 
interview during which the foregoing claim amendments and the outstanding rejections were 
discussed. 

With respect to the Interview Simimary, the Examiner notes that "[t]he terms 'small 
bioactive molecule' and 'therapeutic genes' were discussed in terms of their definition [in] the 
specification. No clear definition of either term was found in the specification." 

Applicants wish to clarify that, during the interview. Applicants pointed the Examiner to 
support in the specification for the foregoing language, z.e., at least at page 2, lines 10-12; page 
3, lines 19-28; and page 4, lines 1-6 and 19-21 of the specification. The Examiner further 
requested pre-filing date evidence demonstrating that the term **therapeutic gene" was an art- 
known term. As set forth in more detail below. Applicants have cancelled certain terms in the 
claims, without prejudice, and amended the claims in the interest of expediting prosecution. 
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Rejection of Claims 23 and 24 Under 35 USC § 112, Second Paragraph 
In the Advisory Action dated December 5, 2006, the Examiner objects to the terms 
'therapeutic genes" and "small bioactive molecule," alleging that the terms are not defined in the 
specification. Applicants respectfiiUy traverse this rejection. 

As a first matter. Applicants have cancelled, without prejudice, the term "small bioactive 
molecule" (in claim 23) in the interest of expediting prosecution. In this regard. Applicants note 
that claim 19 (from which claim 23 depends) encompasses a pharmaceutical composition for 
controlled release of any bioactive molecule. Accordingly, Applicants respectfiiUy request that 
the Examiner withdraw this rejection. . 

With respect to the term "therapeutic genes," Applicants respectfiiUy note that the term 
had a well-established, art-recognized meaning at the filing date of the present application. 
Thus, it is not necessary that the term be defined in the specification. Moreover, each reference 
to this term in the specification is consistent with the art-recognized meaning of the term. 
Specifically, one of the central features of the present invention, as set forth in the first sentence 
of the Summary of the Invention, is to "provide novel formulations for controlled, prolonged 
release of bioactive molecules such as therapeutic proteins, peptides and oligonucleotides (page 
2, lines 10-12 of the specification; Emphasis added). Applicants disclose that the compositions 
of the invention may be used to improve in vivo delivery of therapeutic bioactive molecules and 
define these bioactive molecules as, among other things, therapeutic genes (see page 3, lines 19- 
28 of the specification). Applicants fiirther define that a bioactive molecule of the invention may 
include "any therapeutic protein, peptide, polysaccharide, nucleic acid or other biologically 
active compound for administration to a subject" (see page 4, lines 1-6 of the specification). The 
instant specification fiirther discloses the use of "[tjherapeutic polynucleotides, including 
antisense oligonucleotides, aptamers and therapeutic genes''' for delivery using the methods and 
compositions of the invention (see page 4, lines 19-21 of the specification). One of skill in the 
art, reading the instant specification, would readily appreciate that the term "therapeutic genes" 
refers to a gene encoding a protein that may be used in therapy. 
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In addition. Applicants provide herein pre-filing date evidence, which demonstrates that, 
indeed, the term 'therapeutic gene" was well-known in the art as of the filing date. In particular, 
the articles enclosed herewith refer to 'therapeutic gene expression," i.e., the expression of a 
therapeutic gene. For example, Osbum, W. et al., 1998, Proc, Natl. Acad. Sci. 85:6851-6855 
(Appendix A), conclude that their experiments provide a basis for further studies in animals to 
evaluate the potential of human skin fibroblasts as targets for therapeutic gene expression. 
Stackhouse, M.A. et a/., 2000, Gene Therapy 7:1085-1086 (Appendix B) describes "[t]he 
targetability of radiation therapy offers a unique opportimity to control therapeutic gene 
expression within tumors via promoter regions of radiation inducible genes." Akhurst, R.J., 
1989, J. Inherit. Metab, Dis,, 12(Supp. 1):191-201, describes techniques that have been 
developed for the efficient introduction of gene sequences which would allow therapeutic gene 
expression levels to be obtained (Appendix C). The art is replete, even today, with references in 
the scientific literature to a "therapeutic gene" for a particular treatment (Appendix D). 

Based on the teachings in the specification and the knowledge available at the time of 
filing, the skilled artisan would find the term 'therapeutic gene" to be clear and definite. 
Accordingly, Applicants respectfiiUy request that this rejection be reconsidered and withdrawn. 
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CONCLUSION 

In view of the above amendment. Applicants believe the pending application is in 
condition for allowance. 

Applicants believe that no fee is due with this communication. However, if a fee is due, 
please charge our Deposit Account No. 12-0080, under Order No. PRJ-006CNRCE from which 
the undersigned is authorized to draw. 



Dated: February 15, 2007 




Hathaway P. Russell, Esq. 
Registration No. : 46,488 
LAHIVE & COCKFDELD, LLP 
One Post Office Square 
Boston, Massachusetts 02109 
(617) 227-7400 
(617) 742-4214 (Fax) 
Attomey/ Agent For Applicants 
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ABSTRACT PuriDe nucleoside phosphorylase (PNP; pu- 
rine-nucleoside orthophospbate ribosyltransferase, EC 
2.4.2.1) deficiency is an inherited disorder associated with a 
severe immune defect that is fatal. Enzyme replacement 
therapy is an attractive approach to treatment of tills disease. 
To this aim we constructed retroviral vectors containing a 
human PNP cDNA and a selectable gene encoding neomycin 
phosphotransferase. PNP expression was controlled by either 
the early promoter from simian virus 40, the immediate early 
promoter from human cytomegalovirus, or the retroviral 
promoter. Cultured skin fibroblasts from two unrelated PNP- 
defident patients that wm infected with these vectors ex- 
pressed mean PNP activities of 0.03, 0.74, and 5.9 fixmA/hr per 
mg of protein, respectively. The latter infectants had PNP 
activities eight times the level of 0.74 funot/hr per mg of 
protein observed In normal skin fibroblasts, enabling rapid 
metaboUsm of exogenous deoxyguanosine, the cytotoxic me- 
tabolite that accumulates hi the plasma of PNP-deficient 
patients. These experiments indicate that viral long terminal 
repeat was the strongest promoter for expression of PNP and 
suggest the potential of human skin fibroMasts as vehicles for 
therapeutic gene expression. 

Inherited deficiency of purine nucleoside phosphorylase 
(PNP; purine-nucleoside orthophosphate ribosyltransferase, 
EC 2.4.2.1) is associated with a fatal T-cell defect (1, 2). The 
PNP enzyme is a trimer that catalyzes the reversible con- 
version of purine (deoxy)nucleosides [except (deoxy)aden- 
osine] to purine base plus (deoxy)ribose-l-phosphate (3, 4). 
The major pathogenic mechanism in PNP deficiency involves 
accumulation of deoxyguanosine, a PNP substrate, with 
consequent inhibition of DNA synthesis in T cells (1). 
Although transplantation of normal bone marrow into these 
patients should be curative, none of the patients has been so 
treated because of clinical deterioration or lack of a suitable 
donor. In four patients treated with infusions of erythrocytes 
as a source of active PNP, two showed improved immuno- 
logical function (1,5, 6). This observation suggests that the 
transfer of an active PNP gene into virtually any of a patient*s 
somatic cells should initiate normal deoxyguanosine metab- 
olism and enable T-lymphocyte function to develop. 

Current approaches to gene therapy have mainly focused 
on the transfer of genes into pluripotent bone marrow stem 
cells. Gene transfer into primitive stem cells should result in 
the continued expression of the gene in blood cells, including 
T lymphocytes. Retrovinis-mediated transfer and expression 
of genes in hematopoietic progenitor cells of humans (7, 8), 
monkeys (9), dogs (10), and mice (11, 12) have been demon- 
strated in culture. Gene transfer into marrow stem ceils of 

The publication costs of this article were defrayed in part by page charge 
payment. This article must therefore be hereby marked "advertisement" 
in accordance with 18 U.S.C. S1734 solely to indicate this fact. 



mice followed by continued expression of the transferred 
gene in progeny hematopoietic cells in vivo has also been 
reported (11-14). However, application of this technique to 
human gene therapy has been hindered by unreliable stem 
cell infection, especially in larger mammals (9, 15), and 
inefficient gene expression in hematopoietic cells (16, 17). 

For the estimated two-thirds of patients whp lack a related 
histocompatible marrow donor, skin fibroblasts provide an 
attractive alternative tissue for gene therapy. Skin fibroblasts 
are easily obtained, can be efficiently infected by amphotro- 
pic murine retroviruses, and can be propagated in culture to 
enable selection and expansion of infected cells (18). In an 
attempt to obtain maximum expression of PNP, we have 
constructed several retroviruses carrying a human PNP 
cDNA linked to a variety of strong viral promoter/enhancer 
combinations and have compared their ability to direct PNP 
synthesis in fibroblasts from PNP-deficient patients. These 
experiments provide a basis for further studies in animals to 
evaluate the potential of human skin fibroblasts as targets for 
therapeutic gene expression. 

MATERIALS AND METHODS 

Cell Culture. Mouse cells were grown in Dulbecco-Vogt 
modified Eagle's medium (DMEM) supplemented with glu- 
cose (4.5 g/liter) and 10% fetal bovine serum. Mouse cell 
lines included PA317 (19), PE501 (a retrovirus packaging cell 
line similar to PA317 but with an ecotropic host range 
compared with the amphotropic host range of PAS 17; un- 
published data), 0-2 (20), and NIH 3T3 TK~ (19). Human 
diploid fibroblast (HDF) lines were cyltiired in Waymouth 
medium and 10% fetal bovine serum and were isolated from 
skin biopsies of normal human donors and from two unre- 
lated patients with PNP deficiency (HDF V and HDF D) 
generously provided by B. J. M. Zegers (University Chil- 
dren's Hospital, Utrecht, The Netheriands). 

Retrovfaral Vector Construction. Vectors are depicted in 
Fig. 1. Vector nomenclature is based on the order of the 
different promoters and genes in the viruses, abbreviated as 
follows: L, long terminal repeat (LTR) promoter; S, simian 
virus 40 (SV40) promoter; C, cytomegalovirus (CMV) pro- 
moter; N, neo gene; PN, PNP cDNA. Viral sequence num- 
bers are as described (21). All vectors have 5' LTRs from 
Moloney murine sarcoma virus (Mo-MSV) and 3' LTRs from 
Mo-MLV, but after viral replication both LTRs have Mo- 
MLV promoters and enhancers. Viral sequences adjacent to 
the 5' LTR of LPNSN-1 consist of Mo-MSV bases from 164 
to 544 and those of LNSPN, LNCPN, and LPNSN-2 consist 

Abbreviations: PNP, purine nucleoside phosphorylase; LTR, long 
terminal repeat; SV40, sintian vims 40; HDF, human diploid fibro- 
blast; CMV, cytom^lovinis; Mo-MSV, Moloney murine sarcoma 
virus; ADA, adenosine deaminase; cfu, colony-forming units. 
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of Mo-MSV bases from 164 to 544 followed by Mo-MLV 
bases from 569 to 1038. The gag start codon at Mo-MLV 
bases 621-623 was changed from ATG to TAG (22) in the 
three vectors containing this sequence. Sequences adjacent 
to the 3' LTR include Mo-MLV sequences from 7764 to 7815. 
Human PNP sequences were obtained from a cloned cDNA 
(23) (gift of D: W. Martin, Jr., Genentech, South San Fran- 
cisco, CA). Potential poly(A) signals (AATAAA) at the 3' end 
of the PNP cDNA were removed before insertion into the 
vectors to avoid inhibition of full-length viral transcription. 
neo sequences were obtained from transposon Tn5 (24). The 
bacterial promoter was removed by cleavage with Bgl II 
before insertion of the gene into the vectors. 

Enzyme Assays. Activity of PNP and adenosine deaminase 
(ADA; adenosine aminohydrolase, EC 2.5.4.4) was mea- 
sured in cell extracts by spectrophotometric assays (3, 25). 

Thin-Layer Starch Gel Electrophoresis. Starch gel (13%) in 
10 mM sodium phosphate buffer (pH 6.7) was prepared (25) 
and poured into a mold constructed by gluing plastic strips 2 
mm thick and 1 cm wide onto a 14-cm square glass plate. A 
plastic well former was placed vertically into the gel before 
it solidified. Sufficient gel was used to prepare a slab 2-3 mm 
thick. Samples (5-8 were subjected to horizontal elec- 
trophoresis at 4 V/cm overnight at 5X using 0.1 M sodium 
phosphate (pH 6.7) bridge buffer. A PNP-specific stain in 
0.5% agarose was poured over the gel to locate the separated 
isozymes (26). 

RESULTS 

Generation and Analysis of Vector-Producing PA317 Cells. 
Helper-free virus was made from the vectors depicted in Fig. 
1 by using PA317 retrovirus packaging cells. Virus produced 
by PA317 cells has an amphotropic host range that allows 
infection of cells from most mammalian species, including 
humans (19). To generate vector-producing cell lines, the 
plasmid forms of the vectors were introduced into ecotropic 
retrovirus packaging cells (PE501 or ^2) by calcium- 
phosphate-mediated transfection, and transiently produced 
virus was harvested after 2 days and used to infect PA317 
cells (30). G418-resistant clones that contained single unre- 
arranged proviruses by Southern analysis (31) were chosen. 
Maximum vector titers of 3-4 x 10^ colony-forming units 

LNSPN nt^T p-^'^— jflMMi \s4i\mmm\-rc^ 

so SA 

NEC PNP tf" 

LNCPN ru^V-^— r'SM^ I cwvT MMM -qrS 

so SA 

PNP r^NEO 5»« 

LPNSN-2 nrwi i ^m^^\ [sv^M^^ 

so SA 

Fig. 1. Vectors for transfer and expression of PNP. Promoters 
are indicated as open boxes with arrows denoting the site of RN A 
U^scription initiation; SV40 indicates a Pvu II to ^iRdlll fragment 
from SV40 that contains the SV40 early region promoter and 
enhancers (27, 28), CMV indicates a Bal 1 to Xma 111 fragment from 
human CMV that contains the CMV immediate early promoter and 
enhancers (29), and LTR indicates the retroviral LTR that contains 
the retroviral promoter and enhancers (21). Boxes with hatched 
regions indicate fragments of the neo gene or a PNP cDNA, and the 
hatched areas represent the coding regions. Lines indicate retroviral 
sequences. SD, splice donor; SA, splice acceptor; t^, retroviral 
packaging signal; extended retroviral packaging signal; (A)^, 
poly(A) site; kb, kilobase. 
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Table 1. Properties of vector-infected PA317 cells 





Total PNP activity. 








/anol/hr per mg of 


Human PNP, 


Vector liter. 


Vims 


protein 


% of total 


cfu/ml 


None 


1.13 ± 0.10 






LNSPN 


1.43 ± 0.59 


21 


3x10* 


LNCPN 


1.44 ± 0.06 


22 


4x10* 


LPNSN-1 


2.05 ± 0.10 


45 


2x10^ 


LPNSN-2 


3.12 ± 0.57 


64 


3x10* 



PNP activities are means ± SD of two to four clones, each 
analyzed in duplicate. Vector titers were measured by using NIH 3T3 
TK ^ cells as recipients (19) and are those of the best virus-producing 
clones for each vector. No helper virus (<1 per ml) was detected in 
any of the cell lines by using the S*L" assay (32). 

(cfti)/ml were obtained for all vectors except LPNSN-1, 
which yielded 2 x 10^ cfti/ml (Table 1). The lower titer of 
LPNSN-1 was expected because LPNSN-1 contains only the 
\p packaging signal, which results in less efficient packaging 
of viral RNA into virions in comparison to vectors containing 
the signal (22). 

The mean percentage of human PNP in PA317 cells 
containing the vectors ranged from 21% for LNSPN to 64% 
for LPNSN-2 (Table 1). These values were calculated by 
comparison of control and infected PA317 cells and by PNP 
assays before and after immunoprecipitation of human en- 
zyme by a specific rabbit anti-human PNP antibody (33). 
Both methods gave similar values. We also monitored human 
PNP expression in these clones by using starch gel electro- 
phoresis (Fig. 2). The expression of human PNP in the PA317 
mouse cells results in heterotrimer formation, which can 
yield four electrophoretically distinct isozymes. The distri- 
bution of the heterotrimers correlated with the ratio of human 
to mouse PNP in the PA317 infectants. For example, based 
on human and mouse PNP activity measurements and as- 
suming random association of trimer subunits, we calculated 
the LPNSN-2 infectant in lane 9 should have an isozyme 
distribution of 6%, 29%, 43%, and 22% from M3 through H,, 
respectively, and this distribution was observed in the gel. 
MH2 and H3 isozymes were cleariy visible in LPNSN 
infectants only, because of the low ratio of human to mouse 
PNP in the other cell lines. 

The electrophoretic separation of PNP from foiu' clones of 
PA317 cells infected with LPNSN-2 virus is shown in Fig. 3. 




Fig. 2. Starch gel analysis of PNP from infected PA317 ceUs. 
PNP isozymes present in PA317 cells containing the indicated viruses 
were analyzed by using starch gel electrophoresis. Two independent 
clones of infectoi PA317 cells were analyzed for each virus. Mouse 
and human standards were from uninfected PA317 cells and from 
human T ceUs, respectively. The positions of the various homo- and 
heterotrimers formed by the mouse (M) and human (H) subunits arc 
indicated to the right of the gel. Mixing of human and mouse cell 
extracts prior to analysis (human + mouse mix) docs not result in 
heterodimer formation. 
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Fig. 3. Analysis of PNP in different clones of PA317 cells 
containing the LPNSN-2 vinis. PNP isozymes were analyzed before 
and after treatment of cell extracts with a human PNP-speciiic 
antibody (Ab). Standards and markers are as described in the legend 
to Fig. 2. 

The cell extracts were adjusted to have the same total PNP 
activity. Samples 3,5,7, and 9 (numbered from the left) were 
from different clones of specific activity 1.70, 2.40, 3.57, and 
4.46 ftmol/hr per mg of protein, respectively. The greater 
proportion of human PNP homotrimer was clearly correlated 
with increasing specific activity. These samples were also 
subjected to immunoprecipitation using a specific rabbit 
anti-human PNP antibody and insolubilized protein A. Their 
electrophoretic patterns are shown in samples 4, 6, 8, and 10 
(numbered from the left). All trimers containing human sub- 
unit are inmiunoprecipitated and the decreasing amounts of 
mouse homotrimer remaining in samples 4-10 parallel the 
increasing specific activity of the starting samples. 

Transfer of PNP into PNP" HDFs. PNP-deficient skin 
fibroblasts obtained from two unrelated PNP-defkient pa- 
tients were infected with the vectors shown in Fig. 1 and 
random populations selected in G418 were assayed for PNP 
activity (Table 2). As a control, fibroblasts from patient D 
were infected with LNL6, a virus containing only the neo 
gene (22). Uninfected fibroblasts and fibroblasts infected 
with LNL6 had undetectable PNP activity (<0.01 /imol/hr 
per mg of protein). LNSPN<infected cells expressed PNP at 
about 3% of normal activity and LNCPN infectants produced 
enzyme levels equivalent to normal cells. Fibroblasts in- 
fected with the two viruses in which PNP expression was 
controlled by viral LTR (LPNSN-1 and LPNSN-2) expressed 
PNP activities ranging from 7- to 9-fold greater than normal. 
These are significant increases in PNP expression compared 
to the viruses having PNP controlled by promoters from 
either SV40 or CMV. Infected fibroblasts from patient V 
consistently expressed slightly higher (10-22%) levels of PNP 
than infectants from patient D. 

As an internal control we measured ADA activities in the 
PNP" fibroblasts before and after infection. Pooling results 
from HDF D and HDF V cells, ADA levels (mean ± SD) 
before infection were 0.89 ± 0.16 and after infection were 
0.74 ± 0.26 /xmol/hr per mg of protein. Normal HDF ADA 
levels are 0.90 ± 0.41 /imol/hr per mg of protein (/i = 15). 
Thus, viral infection did not cause changes in a metabolically 
related purine enzyme. 

Table 2. PNP activity in vector-infected HDFs 
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Starch gel analysis of infected cells showed that the 
expressed PNP had normal mobility (data not shown). We 
measured the Michaelis constant of PNP from LPNSN-2- 
infected patient D HDFs and PNP from normal HDFs. With 
inosine as substrate, the K^^ of retroviraily expressed PNP 
was 60.3 ± 4.8 /iM, which was not different from the value 
of 56.0 ± 7.3 fiM obtained from normal PNP (3, 4). 

We examined the structure of the proviruses present in 
genomic DNA from infected PNP" HDFs of both patients by 
Southern analysis (31) using restriction enzymes that cut at 
both ends of the expected provinises. After hybridization to 
a radiolabeled neo probe, single bands of the expected size 
were obtained from cells infected with each of the four 
viruses (data not shown), indicating there was no gross 
rearrangement of the proviruses in these infected cells. 
Together with electrophoretic and kinetic measurements of 
PNP expressed in infected cells, these results demonstrate 
faithful transfer of an unaltered PNP gene. 

Analysis of Viral RNA In PNP" HDFs. Total RNA was 
prepared from PNP* fibroblasts from patient V or D that 
were infected with each of the four vectors. Following 
electrophoresis, the RNAs were examined by using neo- and 
PNP-specific probes (Fig. 4). The patterns of hybridization 
observed for a given vector were similar in fibroblasts from 
both patients. For each vector there was a nuyor band that 
hybridized with both probes and migrated near the 28S rRN A 
band (4.5 kb), consistent with the size expected of full-length 
viral transcripts. Small differences in the sizes of these bands 
reflected the small differences in sizes of the viruses (Fig. 1)- 
The m^or band in LNCPN-infected cells was broader than 
the rest because it comigrated with the very abundant 28S 
rRNA, tending to cause diffusion of the band. 

Transcripts initiated by the internal promoters and termi- 
nating in the 3' LTRs of the different viruses should all 
migrate near the 18S rRNA band (1.8 kb). A small RNA 
species of about 1.8 kb hybridized with the neo probe in 
LPNSN-1- and LPNSN-2-infected cells, consistent with the 
expected ne^T-containing transcript initiated by the SV40 
promoter. As anticipated, the PNP probe did not hybridize to 
this transcript. Small RNAs initiated by the internal promot- 
ers in LNSPN and LNCPN were not detected with either the 
PNP or neo probe. We believe the faint bands migrating just 
in front of the 18S rRNA bands to be artifacts caused by the 
presence of the abundant 18S rRNA. After long exposure a 
faint band that hybridized only with the PNP probe and 
migrated slightly more slowly than the 18S rRNA was seen in 
some analyses of RNA from LNCPN-infected cells but was 
never seen in LNSPN-infected cells (not shown). These 
results are consistent with the relative PNP levels in these 
infected fibroblasts and show that the retroviral LTR is by far 
the most active promoter in these cells. 

By using a PNP probe we also analyzed uninfected fibro- 
blasts from patients V and D and from a normal subject for 
the presence of the endogenous PNP mRNA. Although we 
could detect the expected RNA species of about 1.7 kb (35) 
in cells from the normal subject, no such species was detected 
in cells from patient V or D (data not shown). The amount of 
1.7-kb mRNA in cells from the normal subject was similar to 
that of the RNA directed by the CMV promoter in LNCPN- 
infected PNP~ fibroblasts and was lower by a factor of 10- 



Virus 

HDFs None LNU LNSPN LNCPN LPNSN-1 LPNSN-2 

Patient D <0.01 <0.01 0.02 ± 0.01 0.66 ± 0.01 4.81 ± 0.21 5.49 ± 0.09 

Patient V <0.01 — 0.03 ± 0.01 0.81 ± 0.08 5.29 ± 0.14 6.35 + 0.48 

Nonnal 0.74 ± 0.31 



PNP activities are in /imol/hr per mg of protein ± SD [/i > 3 except for normal (control) HDFs, where n = 12J. 
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Fio. 4. Analysis of RNA from infected human fibroblasts. 
Enzyme-deficient skin fibroblasts from patients V and D were 
infected with virus produced by PA317 cells containing the indicated 
retroviral vectors. The cells were selected in G418 and resultant 
colonies were pooled. Total cellular RNA was prepared from the 
cells as described (34), subjected to electrophoresis in agarose gels 
containing formaldehyde, transferred to nylon membranes (Hybond- 
N, Amersham), hybridized to neo- or PNP-specific probe, and 
analyzed by autoradiography by using standard procedures. The 
same filter was first analyzed by using the neo probe, washed twice 
with lOO^C ^ter to remove the probe, and then reanalyzed by using 
the PNP probe. The positions of the 18S (1.8 kb) and 28S (4.5 kb) 
rRNAs are imiicated. 

20 than LTR-directed transcripts. Thus, if present, tran- 
scripts from the endogenous PNP gene in the PNP" fibro- 
blasts were not detectable under the conditions used in our 
analysis of virus-infected cells and thus did not affect analysis 
of viral transcripts. 

Deoxygoanosiiie and Guanosiiie Metabolism. We measured 
the metabolism of exogenous deoxyguanosine and guanosine 
by skin fibroblasts from normal donors and from the PNP~ 
patients before and after gene transfer with LPNSN-2 vims. 
An initial nucleoside concentration of 10 $iM was chosen to 
approximate the level found in the plasma of PNP ~ -deficient 
patients (I, 33). During the first 60 min when the rates were 
fairiy linear, the genetically modified fibroblasts metabolized 
deoxyguanosine at about five times the rate of the normal 
control cells (Fig. 5). These rates paralleled the differences in 
PNP activity between transduced and normal fibroblasts 
(Table 2). Similar results were obtained when cells were 
incubated with guanosine (not shown). Thus normal and 
genetically modified skin fibroblasts could metabolize exog- 
enous deoxyguanosine and guanosine, the toxic substrates 
that accumulate in PNP-deficient children (1). 

DISCUSSION 

The retrovirus vector we constructed with a SV40 promoter 
linked to PNP (LNSPN) was modeled on one we had 
previously used to efHciently express human ADA (18). 
However, this virus, and previously constructed viruses (16) 
in which PNP was expressed by using the mouse metallo- 
thionein promoter, produced low levels of PNP in compari- 
son to levels found in normal mouse or human fibroblasts. We 
therefore investigated other constructs that used CMV and 
viral LTR promoters to drive PNP and found significant 
improvement in PNP expression. Compared to the initial 
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Fig. 5. Metabolism of deoxyguanosine by normal HDFs (▲) and 
PNP" HDFs before (•) and after (o) gene transfer by LPNSN-2 
infection. Nearly confluent fibroblasts were harvested and aliquots 
(2.5 X 10^ cells) were incubated in 0.25 ml of senim-free RPMI 1640 
medium containing 10 ptM deoxyguanosine with agitation at 37X. At 
30-niin intervals cells were separated by centrifiigation and the 
concentration of unmetabolized deoxyguanosine in the supematant 
fluid was determined by HPLC (36). Cell viability determined by 
trypan blue dye exclusion was >95% after 2-hr incubations. 

LNSPN virus, the vector using a CMV promoter to express 
PNP (LNCPN) gave a 30-fold increase, whereas a construct 
using the viral LTR to promote PNP (LPNSN-2) resulted in 
a >200-fold increase in enzyme activity in infected enzyme- 
deficient skin fibroblasts. In enzyme-deficient human fibro- 
blasts the LPNSN-2 virus provided PNP expression at levels 
about 10-fold greater than normal. Furthermore, we demon- 
strated that these phenotypically corrected PNP" HDFs 
rapidly metabolized exogenous deoxyguanosine, the cytotox- 
ic metabolite that accumulates in the plasma of PNP-deficient 
children. 

These data permit the consideration of autologous skin 
fibroblasts as a target tissue for PNP gene transfer for use in 
gene therapy. The number of transduced fibroblasts needed 
to treat a patient can be calculated on the basis of data 
obtained in a study using erythrocyte transfusions to improve 
immune function in a PNP-deficient patient (5). The luinary 
excretion of PNP substrates in this patient before treatment 
was about 6 mmol/24 hr. This level of substrate could be 
effectively metabolized by about 5 x 10* infected skin 
fibroblasts. For this calculation we reduced the in vitro PNP 
activity we had measured at saturating substrate (200 fM) to 
compensate for the lower reaction velocity anticipated in 
vitro, where substrate levels are normally <5 /xM (1, 33). 
Transfer of this number of fibroblasts is feasible by using 
several techniques (18). 

The initial difficulty we encountered in making vectors that 
efficiently express PNP contrasts with the apparent ease of 
making such vectors for ADA expression. A factor is the 
greater specific activity of ADA, which necessitates the 
expression of 10-fold more PNP protein to achieve compa- 
rable activities of these enzymes. This helps explain the 
apparent poor performance of a given vector containing PNP 
in comparison to the same vector containing ADA, including 
vectors using a mouse metaUothionein promoter (16) or the 
SV40 early promoter (ref. 18; this report) to express the 
inserted gene. As might be predicted, replacement of PNP 
with ADA in the LPNSN-2 vector results in very high level 
synthesis of ADA in infected cells, l(X)-fold more than is 
normally present (R. A. Hock, W.R.A.O., and A.D.M., 
unpublished results), showing the general utility of this vector 
for high-level gene expression. 

The LPNSN-2 vector provided maximal PNP expression in 
human fibroblasts and also had a high titer, 3 x 10^ cfu/ml. 
Such high titer is a prerequisite for efficient infection of 
human fibroblasts (18). The high titer of LPNSN-2 is in part 
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due to the presence of the signal in this virus. We do not 
know what role potential spUcing between the LTR and the 
start of the PNP gene (Fig. 1) has on PNP expression, 
although RNA analysis shows that the level of such RNAs is 
much lower than of the full-length viral RNA. Inclusion of the 
^ (350 base pairs) or tjf'*^ (800 base pairs) signals between the 
LTR and the PNP gene results in similar levels of PNP 
expression, showing that the additional sequences in do 
not affect downstream translation. The sequences in 
include part of the Mo-MLV gag region; however, the start 
codon of gag has been removed by alteration from ATG to 
TAG, thus translation initiation at the normal gag start codon 
is prevented and therefore cannot inteifere with initiation at 
the downstream PNP start codon. 

We easily detected SV40-driven neo transcripts in 
LPNSN-1- and -2*infected cells, whereas we were unable to 
detect SV40-driven PNP transcripts in LNSPN-infected cells 
(Fig. 4). We believe that this efifect is most likely caused by 
selection for neo expression during isolation of these cells. 
Indeed, G418-re$i$tant colonies produced by infection with 
LPNSN-1 or -2 were less robust and grew more slowly than 
colonies produced by LNSPN or LNCPN, suggesting that 
neo expression from the SV40 promoter was not optimal and 
that there would be selective pressure for cells that overex- 
pressed the SVAX^neo RNA. No such selective pressure 
existed when PNP was driven by the SV40 promoter. 

An advantage of studying PNP gene transfer as a model for 
gene therapy is the existence of an animal model where 
increased substrate metabolism by transferred cells can be 
measured. Canine erythrocytes are PNP deficient and, as a 
result, metabolism of exogenous deoxyguanosine is much 
reduced when compared with rats, for example, which have 
erythrocyte activities similar to those of humans (refs. 37, 38; 
unpublished data). We calculate that it is feasible to transfer 
sufficient human PNP to canine skin fibroblasts, which are 
infectable with the amphotropic vectors developed here, to 
cause changes in metabolism of exogenously added PNP 
substrates. This model provides an in vivo test of the ability 
of modified skin cells to clear pathogenic PNP substrates 
implicated in the human disease and will enable studies of the 
persistence of reintroduced fibroblasts and the effects of 
engraftment on vector expression. 
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the National Institutes of Health. 

1. Kredich, N. M. & Hershfield, M. S. (1983) in The Metabolic 
Basis of Inherited Disease ^ eds. Stanbury, J. B., Wyngaarden, 
J. B., Fredrickson, D. S., Goldstein, J. L. & Brown, M. S. 
(McGraw-Hill. New York), 5th Ed., pp. 1157-.1183. 

2. Giblett, E. R., Ammann, A. J., Wara, D. W.. Sandman, R. & 
Diamond, L. K. (1975) Lancet H, 1010-1013. 

3. Osborne. W. R. A. (1980) J. Biol. Chem. 255, 7089-7092. 

4. Paries. R. E. & AgarwaaJ, R. P. (1972) The Enzymes, cd. Boyer, 
P. D. (Academic, New York), 3rd Ed., pp. 483-514. 

5. Rich, K. C, Mcjias. E. & Fox. 1. H. (1980) N. Engl. J, Afed, 
303, 973-977. 

6. Staal.G. £. J.,Stoop.J. W..Zegers.B. J. M..Siegenbeekvan 
Henkelom. L. H.. Van der VUst. J. M.. Wadman. S. K. & 
Manin, D. W. (1980) J. Clin. Invest. 65, 103-108. 



7. Hock, R. A. & Miller. A. D. (1986) Nature (London) 320» 275- 
277. 

8. Hogge, D. E. & Humphries. R. K. (1987) Blood 69, 611-617. 

9. Kantoff, P. W.. Gillio. A., McLachlin. J. R., Bordignon. C. 
Eglitis, M. A.. Keman. N. A., Moen, R. C. Kohn. D. B.. Yu. 
S. F.. Karson. E.. Karlsson. S.. Zwiebel, J. A., Gilboa, E., 
Blaese. R. M.. Nienhuis, A.. O^ReUly. R. J. & Anderson, 
W. F. (1987) J. Exp, Med, 166, 219-234. 

10. Kwok, W. W.. Schuening, F., Stead, R. B. & MiUer. A. D. 

(1986) Proc. Natl Acad. Sci. USA 83, 4552-4555. 

11. Dick. J. E.. MagU, M. C, Huszar. O., Phillips, R. A. & 
Bernstein, A. (1985) CW/42, 71-79. 

12. Keller, G., Paige, C.,GUboa,E.& Wagner, E. F. (1985) A^a/ifre 
(London) 318, 149-154. 

13. Eglitis. M. A., Kantoff, P., Gilboa. E. & Anderson. W. F. 
(1985) Science 230, 1395-1398. 

14. Dzierzak. E. A., Papayannopoulou, T. & Mulligan. R. C. 

(1987) Nature (London) 331, 35-41. 

15. Stead. R. B.. Kwok. W. W.. Storb. R. & Miller. A, D. (1988) 

71, 742-747. 

16. Mclvor, R. S.. Johnson. M. J., Miller. A. D.. Pitts, S.. Wil- 
liams, S. R., Valerio, D., Martin, D, W., Jr., & Vcrma, 1. M. 
(1987) Mol. Cell. Biol. 7, 838-846. 

17. Williams, D. A., Orion, S. H. & Mulligan, R. C. (1986) Proc. 
NatL Acad. Sci. USA 83, 2566-2570. 

18. Palmer, T. D., Hock, R. A., Osborne, W. R. A. & Miller, 
A. D. (1987) Proc, Natl. Acad, Sci. USA 84, 1055-1059. 

19. Miller, A, D. & Buttimore, C. (1986) MoL Cell. Biol. 6, 2895- 
2902. 

20. Mann, R.. Mulligan, R. C. & Baltimore, D. (1983) Ce//33, 153- 
159. 

21. Van Beveren. C. . Coffin, J. & Hughes, S. (1985) in RNA Tumor 
Viruses, eds. Weiss. R., Teich, N.. Varmus, H. & Coffin. J. 
(Cold Spring Hartwr Lab,, Cold Spring Harbor, NY), Vol. 2. 
pp. 567-1148. 

22. Bender, M. A., Pahner, T. D., Gelinas, R. E. & Miller, A. D. 
(1987) y. ViroL 61, 1639-1646. 

23. Williams, S. R., Goddard, J. M. & Martin, D. W.. Jr. (1984) 
Nucleic Acids Res. 12, 5779-5787. 

24. Beck, E., Ludwig, G., Auerswald, E. A., Reiss, B. & Schaller, 
H. (1982) Gene 19, 327-336. 

25. Osborne, W. R. A. & Spencer, N. (1973) Biochem. J. 133, 117- 
123. 

26. Edwards, Y. H., Hopkinson, D. A. & Harris, H. (1981) Am. 7. 
Hum. Genet. 32, 395-408. 

27. Reddy, V. B., Thimmappaya. B.. Dhar. R., Subramanian, 
K. N., Zain. B. S., Pan. J.. Ghosh. P. K., Celma. M. L. & 
Weissman. S. M. (1978) Science 200, 494-502. 

28. Fiers. W., Contreras, R., Haegeman. G.. Rogiers, R., Van de 
Voorde, A., Van Heuverswyn, H., Van Herrewq^he. J., 
Volckaert, G. & Ysebaert, M. (1978) Nature (London) 273, 
113-120. 

29. Boshart. M., Weber, F., Jahn. G., Dorsch-Hsler. K.. Fleck- 
enstein, B. & Schaffher. W. (1985) Cell 41, 521-530. 

30. Miller. A. D.. Trauber. D. R. & Buttimore, C. (1986) Somatic 
Cell Mol. Genet. 12, 175-183. 

31. Southern. E. M. (1975) J. MoL Biol. 98, 503-517. 

32. MiUer. A. D.. Law. M.-F. & Verma. I. M. (1985) Mol. Cell. 
Biol. 5. 431-437. 

33. Osborne, W. R. A., Chen. S. H., Giblett. E. R.. Biggar. 
W. D., Ammann, A. J. & Scott. C. R. (1977)7. Clin. Invest. 60, 
741-746. 

34. Othala.G..Savouret. J.,Mendez.B.. West.B. L..Karin.M., 
Martial. J. & Baxter. J. (1983) DNA 2, 327-333. 

35. Goddard, J. M., Caput, D„ Williams. S. R. & Martin, D. W.. 
Jr. (1983) Proc. Natl. Acad. Sci. USA 80, 4281-4285. 

36. Osborne. W. R. A.. Hammond. W. P. & Dale. D. C. (1983) J. 
Clin, Invest. 71, 1348-1355. 

37. Osborne, W. R. A., Deeg. H. J. & SUchter. S. J. (1986) Clin. 
Exp. Immunol. 66, 166-172. 

38. Osborne, W. R. A. & Barton. R. W. (1986) Immunology 59, 
63-67. 



APPENDIX B 



Gene Therapy (2000) 7, 1085-1086 ^ 
g> 2000 Macmillan Publishers Ltd All rights reserved 0969712^ $15.00 111 

www.nature.cofVgt 



Editorial 



Radiation to control gene expression 

Combined radiation therapy and gene therapy offers a 
very promising strategy for cancer treatment. One prob- 
lem with gene therapy involves the inappropriate 
expression of a gene product which may have adverse 
effects on normal tissues and negate a therapeutic index. 
Several strategies have been developed to limit gene 
expression to tumors. These strategies involve targeted 
vector delivery, tumor specific promoters, and inducible 
promoter systems. The targetability of radiation therapy 
offers a unique opportunity to control therapeutic gene 
expression within tumors via promoter regions of radi- 
ation inducible genes. The first radiation inducible pro- 
moter system used in combination with gene therapy 
involved the Egr-1 promoter with the gene for the 
radiosensitizing cytokine TNFa which resulted in 
increased tumor growth inhibition compared with 
tumors treated with radiation alone. '-^ Other groups have 
used the Egr-1 promoter with the gene for HSVf/c which 
produced enhanced tumor cell killing in the presence of 
the prodrug ganciclovir following radiation treatment.*^-^ 
Ionizing radiation activates transcription of the Egr-1 
gene and the CArG [CC(A+T rich)6GGl domain of the 
promoter which are important for this response.^ A syn- 
thetic promoter has been described based on four copies 
of the CArG element of the Egr~l promoter servnng as the 
enhancer for the CMV promoter.^ Several other genes are 
also induced by ionizing radiation." The utility of the pro- 
moters of these radiation inducible genes has not been 
evaluated. 

In this issue of Gene TJierapy two reports concerning 
radiation inducible promoter systems are presented. 
Worthington et used the promoter from the radiation 
inducible V\IAF1 gene^ to achieve radiation induced 
expression of a reporter gene (green fluorescent protein, 
GFP) and a gene that may improve radiation therapy by 
altering the tumor microenvironment (the inducible form 
of nitric oxide synthase, iNOS). The ability of the \NAF1 
promoter to induce gene expression following radiation 
was tested in an in vitro model with HMEC-1 human 
endothelial cells and in an cx vivo rat tail arterial segment 
model. Irradiation of both HMEC-1 cells and rat tail 
arterial segments transfected with a WAFl /GFP construct 
with 4 Gy resulted in a significant increase (9.5- and 4.5- 
fold) in GFP expression compared with controls over 
time. However, the increase did not follow a dose- 
response relationship, since 4Gy induced greater 
expression than 6Gy in both systems. In the rat arterial 
segment model, similar results were obser\ ed for induc- 
tion of iNOS expression. The biological activity of the 



induced iNOS enzyme, which produces nitric oxide that 
dilates blood vessels, was tested with plasmid vector 
W/\Fl/iNOS transfected and irradiated rat arterial seg- 
ments following addition of the vasoconstrictive drug 
phenylephrine. Expression of the iNOS enzyme resulted 
in a significant relaxation of the rat arterial segments. The 
levels of gene expression using the WAFl promoter were 
equal to or greater than with the previously published 
radiation inducible promoters. The authors propose that 
dUation of tumor vasculature would increase oxygen- 
ation of tumors to improve radiation therapy response or 
increase delivery of chemotherapeutic agents. Demon- 
stration of the therapeutic efficacy of this combined 
modality approach of gene therapy with radiation or 
chemotherapeutic drugs will be important. 

Scott et aP^ report the use of a 'molecular switch' 
employing the cre/loxP recombination system and radi- 
ation to achieve enhanced and prolonged expression of 
a reporter gene (GFP) and a therapeutic gene {HSV tk). 
This approach requires two plasmids, one containing the 
ere recombinase with a synthetic radiation responsive 
enhancer/promoter, and the other with the therapeutic 
gene of interest with a loxP 'stop cassette' between the 
promoter and gene which prevents transcription. These 
investigators confirmed that the ere recombinase lead to 
expression of GFP with the 'stop cassette' when both 
plasmids used the CMV promoter. The CMV promoter 
was exchanged with a synthetic promoter containing the 
radiation response element (CArG) of the Egr-1 promoter 
driving expression of ere recombinase. GFP expression 
with the two plasmid system increased both the number 
of positive cells by 8.2-fold and the mean fluorescence 
intensity 14.4-fold compared with a single plasmid with 
the synthetic promoter and the GFP gene. The efficacy of 
the 'molecular switch' approach was confirmed using the 
HSV7A' gene and ganciclovir in combination with radi- 
ation in which there was increased MCF-7 breast cancer 
cell growth inhibition of 27% following a dose of 2 Gy 
compared with 8% for control irradiated and ganciclovir 
treated MCF-7 cells with only the synthetic 
promoter/ HSV/^ construct. Importantly, the level of kill- 
ing in the radiation-induced system was equal to that 
achieved with cells transfected with the HSVfA* gene 
driven by the CMV promoter. 

A major limitation of the approach described by Scott 
et aP^ is that high levels of tumor specificity are not achi- 
eved. As noted by these investigators the use of tumor 
specific promoters controlling the therapeutic gene com- 
bined with the ere /\oxP gene under control of the radi- 
ation inducible promoter may improve the specificity. 
Another method to increase the specificity of gene 
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expression may be accomplished by targeted vectors. The 
approach of Worthington et al is well suited for this strat- 
egy- The utility of the administration of endothelial cells 
as gene therapy vectors to target regions of neovasculat- 
ure has been described.'^ A strategy could be envisioned 
where endothelial cells transformed with a vasoactive 
gene under the control of a radiation inducible promoter 
or 'molecular switch' could achieve highly specific gene 
delivery. One advantage of a gene such as iNOS is that 
a large proportion of cells may not have to be transfor- 
med to achieve a significant biological effect due to the 
diffusion of nitric oxide. This advantage may also apply 
to HSVf/c but to a more limited extent due to the require- 
ment for cell-to-cell communication. 

A limitation of many of the radiation inducible pro- 
moter systems described to date is that they require a 
fairly high dose (at least 4 or 5 Gy per fraction) to achieve 
significant gene expression, although Scott et al did 
obser\'e increased cytotoxicity at 2 Gy. Scott et al claim 
that prolonged gene expression can be acliieved with 
their approach. The hypothesis that once ere recombinase 
is produced it will continue to create a functional thera- 
peutic transcript has not been tested. The durability of 
expression of the ere gene and the stability of the ere 
enzyme will be critical determinants for the continued 
expression of the therapeutic gene. 

Another issue relates to the effectiveness of increasing 
the oxygen level in the tumor combined with radiation 
therapy. A variety of strategies to reduce hypoxia in 
tumors have had little impact on the radiation response 
of tumors. One idea presented by Scott et al relates to 
inhibiting tumor vasculature by antisense and then treat- 
ing with bioreductive drugs which hav^e shown clinical 
efficacy. Recently, inhibition of tumor vasculature with 
angiostatin resulted in increased efficacy of radiation 
therapy in mouse models of cancer. Further tests of 
these different approaches to achieve enhanced killing of 
tumor cells may determine which strategy has more clinic 
cal promise. It will be necessary to validate these stra- 
tegies with relevant gene therapy vector systems and 
tumor models. The two reports in this issue of Gene Ther- 
apy highhght important approaches to employ radiation 
to achieve high levels of specific gene expression which 
may increase the therapeutic index in cancer therapy. 
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In this issue of Molecular Pharmacology, Luo et al. (p. 1953) present a 
study employing a HIF- la/VP 16 chimera to investigate the mechanism by 
which this constitutively active transcription factor activates expression of 
brain natriuretic peptide (BNP). The results define a functional hypoxia 
responsive element (HRE) in the promoter of the human BNP gene and 
demonstrate that this HRE is necessary for HIF-l/^/VP16-induced gene 
expression in human cardiomyocytes grown under normoxic conditions. 
Luo et al. also show that a consensus E-box DNA binding sequence is 
necessary for appropriate BNP regulation. Because HIF-1 is known to elicit 
protective and beneficial gene expression programs in many scenarios and 
because BNP is known to be cardioprotective, this study provides support 

for the therapeutic use of the chimeric HIF-1/%A^P1 6 protein in coronary heart disease. However, because HIF-lrt is 
a key regulatory molecule that acts upon a large number of downstream gene networks, there remains a need for 
further investigation. Particularly useful would be comprehensive gene expression profiling coupled with 
functional analysis of HIF-l/vA^P16-regulated genes. The results of such studies will elucidate the mechanism of 
beneficial effects and address concerns regarding potential adverse effects of activating specific HIF-lo 
A^Pl 6-dependent gene programs. 
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Prospects for gene therapy now and in the future. 



Links 



Akhurst RJ . 

Duncan Guthrie Institute for Medical Genetics, Yorkhill Hospital, Glasgow, 
UK. 

Advances in gene technology and cell biology have supplied the 
means to undertake human gene therapy in the near future. 
Techniques have been developed for the efficient introduction of 
gene sequences into the pluripotential stem cells of the 
haematopoietic system and our increased understanding of 
gene-regulatory mechanisms should allow therapeutic gene 
expression levels to be obtained. Gene therapy should, at 
present, be termed gene supplementation since it will involve the 
addition of corrective genes to the host cell genome. It may only 
be used to treat recessively inherited disorders. Prospects for the 
future include the use of homologous recombination to correct or 
replace defective genes, allowing the treatment of dominantly 
inherited diseases. 
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